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Abstract 
In this study, we develop a vicarious calibration technique and estimation algorithm of radiation budget for 
the global analysis. The vicarious calibration technique using three components ( clear sky sea surface, clear sky 
land surface, uniform cloud top) is applied to the geostationary satellites. This vicarious calibration technique is 
based on radiative transfer calculations and it has each optical properties (aerosol, cloud, surface BRDF/albedo) in 
three compon_~nts. The quality of three geostationary satellites (GMS-5, GOES-10, GOES-8) visible channel fixed 
accurately for global analysis. An accurate calibrated data set propose the better accuracy for analysis of cloud and 
radiation budget. Thus, cloud and radiation budget analysis algorithm are applied to new calibrated data set for 
global analysis. This is first result of trial for global analysis. 
Keywords :Radiation budget, Vicarious calibration, Geostationary satellite. 
1. Introduction definition of cloud feedback processes. They estimated 
Clouds have a strong influence on the solar energy the difference of the global mean surface temperature 
budget and on the Earth climate as discussed in several between the model and the observation. GCMs have 
studies [Manabe 1967, Schneider 1972]. Clouds can - strong cloud feedback sensitivity to global mean 
cool the Earth by reflecting solar radiation and also 
can keep the Earth warm by absorbing and emitting 
terrestrial radiation. They are important in the energy 
balance at the Earth surface and the Top of the 
Atmosphere (TOA) and are connected complexly into 
the Earth system as well as other feedback processes. 
Szilder and Lozowski [Szilder and Lozowski 1995] 
and Szilder et al. [Szilder et al. 1998] discussed cloud 
feedback processes using zero-dimensional time-
dependent climate models including three climate 
feedbacks. They showed that a drastic environmental 
change was caused by the change of cloud water 
surface temperature. Based on observations, the global 
mean surface temperature showed that it was unrelated 
to the cloud feedback process. Therefore it is 
necessary to estimate the influence of the clouds on 
radiation budget from observations accurately. 
Accurate estimates of the large scale radiation budget 
is an urgent need for improved model parameterization 
and for a better understanding of the Earth system. 
Geostationary satellite observations are useful for 
estimating the upward and downward solar radiation at 
the surface and the TOA over wide regions and at high 
temporal resolution. One of the key factors in the 
amount. However, their model has an uncertainty in estimation is a sensor calibration. Geostationary 
the optical characteristics of clouds. Wetherald and satellites have some issues in the calibration 
Manabe [Wetherald and Manabe 1988] discuss the procedures. _In this study, we developed a vicarious 
cloud feedback process using a General Circulation calibration technique· for global analysis. vicarious 
Model (GCM). Tsushima and Manabe [Tsushima and· calibration technique using three components is 
Manabe 2001] tested cloud feedback sensitivity to applied to three geostationary satellites (GMS-5, 
global mean surface temperature based on explicit GOES-10, GOES-8). It is based on radiative transfer 
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calculations and it has each optical properties ( aerosol, 
cloud, surface BRDF/albedo) in three components. 
The . optical characteristics of atmospheric particles 
were supplied in the analysis by Terra/MODIS data for 
aerosol and cloud using Retrieval of Aerosol optical 
Properties (REAP) [Higurashi and Nakajima 1999, 
2002] and Comprehensive Analysis Program for Cloud 
Op~ical Measurement (CAPCOM) ·algorithm 
[Nakajima and Nakajima 1995, Kawamoto et al. 
2001], respectively, and by objective analysis data 
Japanese Re-Analysis 25 years (JRA-25) for 
temperature, pressure, water vapor and data set of 
EarthProbe/Total Ozone Mapping Spectrometer 
(EarthProbe/TOMS). The albedo in the sea surface 
was decided from the wind velocity of sea surface, and 
land surface albedo is used a MODIS standard product 
of Bidirectional Reflectance Distribution Function 
(BRDF) 16 day mean product fixed by each spectral 
integrating sphere measurement or filtered clear sky 
solar irradiance. The long-term degradation or the 
sensitivity error of just after launching is corrected by 
radiative transfer calculation on orbit. The concept of 
vicarious calibration using TOA radiances is as 
follows: 
L
(cvrrectJ_L(pre-1aunchlx + b 
TOA - TOA a 
where, rr_;;riaunchl and L~i;ectl are TOA radiance 
based on pre-launch calibration and corrected one. a 
and b are calibration coefficients decided by TOA 
radiance adjustment. TOA radiance with simplification 
are as follows : 
LroA( i\; 0' cf>; 0o, cf>o) =Lray(i\; 0' cf>; 00, cf>o) 
+L rar(i\; 0, cf> ;0o,cf>o)+ Lra.v I par (i\ ;0, cf>:0o, cf>o) (1) 
+ t(i\ ;0) XLsuf (i\ ;0, cf> ;0o, cf>o)+ Lsuf I atm(i\ ;0, cf>; 0o, cf>o) 
where, A is a wavelength. 0 and cp are 
satellite zenith angle and satellite azimuthal angle, 
00 and c/>0 are solar zenith angle and solar 
response function. azimuthul angle respectively. L,.ay is a rayleigh 
In addition, radiation budget analysis is applied to . scattering by air molecules and L par is scattering by 
new calibrated data set (September 2002). We apply aerosol particles. Lray I par is the interaction between 
the Extreme speed and Approximation module air molecules and aerosol particles scattering. Each 
Multiple drive System (EXAM SYSTEM) that elements are including multiple scattering. t is an 
construct by Neural network solver. The solver for 
solar radiation budget built by the NN is based on 
radiative transfer calculation using radiative transfer 
code. NN traces the radiative transfer code that is 
approximated by learning algorithm. This manuscript 
shows the first result of trial for global analysis. 
2. Vicarious calibration 
atmospheric transmittance of assumed plane parallel 
atmosphere and L.\'Uf is a radiance reflected by 
surface (land and O?ean surface), it contains the 
consideration of Bidirectional Reflectance Distribution 
Function (BRDF). L.\'Uf I aim is a interaction between 
surface reflection and atmosphere. The simulated 
sensor radiance is converted by each wavelength 
radiance as follwos: 
Vicarious calibration is one of the effective , 
calibration method for satellite sensor. It correct the 
degradation of sensor sensitivity using Top Of 
f w ( ,\) LroA ( ,\) d ,\ 
f w(A)d ,\ 
Atmosphere (TOA) radiance based on some w(A) is a weighting function of sensor response. 
atmospheric and surface components. As a radiative Generally, it is a discrete value that obtain from 
transfer code, Remote sensing System for Transfer of 
Atmospheric Radiation (RS TAR) is used [Nakajima 
1986, Nakajima 1988] in this study. It simulate the 
GMS-5MSSR radiance using three components 
EOcean, Land surface, and Cloud targets). There are 
selected by a strict quality control for conciliation of 
radiance between observed and radiative transfer 
calculation. 
The vicarious calibration is adjust of TOA radiance 
for satellite sensor, it is conciliation of observed 
radiance and radiative transfer calculation output. 
Generally, pre-launch calibration is done by the 
measurement using integrating sphere. Therefore, 
LroA is can be simulated by radiative transfer c'ode 
with atmosphere and surface condition in vicarious 
calibration. It needs each paremeters: the atmospheric 
pressure and the absorption gasses profiles for L,.ay , 
the particle optical characteristics for L par , the sea 
surface wind speed or the land surface BRDF 
parameters for Lsuf respectively. Each interactions 
and atmospheric transmittance are decided by total. All 
parameters must be independent from target satellite 
data for the calibration. 
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2.2 Target selection 
The surface and atmospheric parameters are required 
for vicarious calibration. It must be based on condition 
to minimize the error of radiance between calculation 
and observation. For example, cloud and white cap 
contamination is a big uncertain element for match-up 
of clear-sky radiance over ocean. Thus it must add the 
filters for quality control. Three components are used 
for vicarious calibration in this study; dark target is 
clear-sky ocean surface, bright target is liquid cloud 
top, and middle bright target is land surface, 
respectively. Each sumples are selected on the 
condition. The satellite veiwing angle e and the 
solar zenith angle 80 are first select condition that 
inhibit three-dimensimial effect by inhomogeneity. 
Deep angle causes illumination and shadow by the 
three-dimensional structure6:'Basically, the samples that 
are larger than 60 degree are rejected. This is a 
common condition in all components. 
Clear-sky ocean surface 
Ocean surface is used as dark target that consists 
atmospheric profiles, aerosol optical characteristics, 
and sea surface albedo. Cloud contamination is 
rejected by historical reflectance and split window 
method [Inoue 1987]. Equation 1 is updated as. 
follows: 
LmXA; e' cf>; eo, cf>o)=Lra)A ;e' cf> ;eo, cf>o) 
+Laa ( A ; e , cf>; eo, cf> o) + L ray Iaer (A ; e , cf>; eo, cf> o) 
+t(i\; 0) X L,J\; 0, cf> ;0 0,cf>o)+ Lsea latm ( ?i..; 8, cf>; eo,cf>o) 
where, Laer and Lray I aer are scattering by aerosol 
in clear-sky ocean surface and interanction between 
rayliegh and aerosol scattering respectively. The 
aerosol optical characteristics (refractive index, size 
distribution) is largest uncertainty in the radiance of 
ocean surface. It changes Laer by absorption and 
scattering, and its properties depends on wavelength. 
Thus Laer and Laer variability is very large. In this 
study, aerosol optical characteristics is retrieved from 
MODIS LIB data set using Retrieval of Aerosol 
optical Properties (REAP) algorithm [Higurashil999, 
Higurashi2002]. The sensor observed radiance is 
simulated using retrieved aerosol optical properties. In 
addition, the sample points only with very thin optical 
thickness of retrieved aerosol is used for calibration 
( Taer « 0.1) . It inhibit the Laer and Laer , thus 
these are enough small. L. 1-ea and Lsea I aim are sea 
surface reflection and interaction between sea surface 
reflection and atmosphere. The sea surface albedo 
decided by sea surface wind velocity. It is used only 
under lOm/s samples that reject the white-cap 
contamination. Thus, the sea surface albedo is low and 
L.1·ea I aim is enough small. Lray and . Lsea are 
predominant and other uncertainty is inhibited by these 
filters. 
Uniform liquid water cloud top 
Liquid cloud top is used as bright target that consists 
atmospheric profiles, cloud optical characteristics, and 
sea surface albedo. Uniform cloud top is searched 
using VIS and IRl bands data spatial variance and 
select the liquid water cloud (Tbb > 273K) with sprit 
window method. It reject dense cirrus and ice crystal 
contamination. Equation 1 is updated as follows: 
LTOA( A,' e' cf> ;80, cf>o)=Lray(A ;e' cf> :eo, cf>o) 
+ L c1) A;0, cp ;eo.cf>o)+ L,.ayl c!d (A; e, cf> ;eo. cf>o) 
+t(A ;0)XLseJA;0, cf> ;0 0.c/>0 )+ L,ea latm(A ;8, cf> ;0 0,c/>0 ) 
where, Le1d and Lray I e1d are cloud scattering and 
interanction between cloud particle scattering and 
atmosphere respectively. Also the cloud optical 
properties ( optical thickness, cloud droplet effective 
radius) is retrieved from MODIS LIB data set using 
Comprehensive Analysis Program for Cloud Optical 
Measurement (CAPCOM) algorithm in this study. 
Cloud with strong reflection is hardly has optical 
characteristics sensitivity. The crux in vicarious 
calibration is to simulate a sensor signal using optical 
properties based on the observation. It can follow the 
cloud change in long term climate. A change of the 
size distribution causes the change of cloud 
reflectance, similarly, absorption aerosol 
contamination decreases the cloud nominal 
reflectance. Long term cloud change in Earth climate 
system is unknown yet. The calculation of radiance not 
depends on the observation has the big risk, it does not 
follow the cloud change. Because the liquid water 
cloud is spherical, the optical parameter can be 
obtained from satellite observation. The samples with 
sensitivity in the optical characteristics are used in this 
study ( 20 < T e1d < 40) . Thus because cloud optical 
thickness is thick, Le1d is predominant. Lsea and 
Lsea I aim are enough small. These· filter~ inhibit the 
uncertainty. 
Land surface with BRDF 
Land surface is used as middle bright target that 
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consists atmospheric profiles, land surface aerosol, and 
surface BRDF/albedo. Cloud contamination is rejected . 
by historical reflectance and split window method as 
well as the ocean surface. BRDF/albedo is used from 
MODIS 16 days product MOD43, it is predominant in 
clear-sky land surface. MOD43 is based on Ross 
ThickLiSparse-Reciprocal BRDF/albedo model that is 
consists three parameters f iso ' f vol ' f geo : 
isotropic, volumetric, geometric. Black-sky albedo is 
used in this study. The wavelength dependency based 
on land-cover classification is important factor in 
surface albedo. Thus, BRDF/albedo is fixed by each 
spectral response function. 
3. Estimation algorithm 
Three geostationary satellites (GMS-5, GOES-10, 
GOES-8) were calibrated at September 2002. Cloud 
and radiation budget analysis is applied to new 
calibrated data set. 
Cloud optical thickness 
We used the Comprehensive Analysis Program for 
Cloud Optical Measurement (CAPCOM) [Nakajima 
and Nakajima 1995, Kawamoto et al. 2001] to retrieve 
cloud optical thickness. This algorithm was also 
adopted as one of the standard algorithms for the 
Advanced Earth Observing Satellite II/Global Imager 
(ADEOS-II/GLI) products [Nakajima et al. 1999]. 
The original CAPCOM estimated the cloud optical 
thickness, effective particle radius, and cloud-top 
temperature from visible, near-infrared, and thermal 
infrared channels using a LUT calculated from 
radiative transfer [Nakajima and Tanaka 1986, 1988] 
under a plane-parallel and single-layer cloud model. 
However, we applied CAPCOM to geostationary 
satellites data to retrieve only the cloud optical 
thickness using the VIS channel because water 
absorbing channel is does not exist. Briefly, cloud 
optical thickness is obtained as follows. First, each 
pixel is classified using the IRl and IR2 split-window 
technique. Second, cloud optical thickness is retrieved 
from the VIS channel with corresponding atmospheric 
model profile data and scan geometries at the 
observation point, such as satellite and solar zenith 
angles and their azimuth angles. In the inversion 
process, multiple scattering components due to bright 
surfaces are corrected by the following: 
Lobs ( T; µ , µ o, cp )= L ( T ; µ , µ o, cp )
A . µoFo 
+ t ( T; µ) g t ( T; µ o)--
l - r Ag TT 
where, T is cloud optical thickness, µ and µ 0 
are cos(satellite viewing angle) and cos(solar zenith 
angle), respectively, cp is the Sun-satellite azimuthal 
angle, r is spherical albedo in the channel, and Ag 
is surface albedo in the channel. F O is solar 
irradiance outside the atmosphere weighted by the 
sensor response function. The function of t is 
atmospheric transmittance. The first term on the right 
side of the formula is cloud scattering, and the second 
term is interaction at the ground surface. albedo was 
estimated from each geostationary satellite data by a 
simple statistical method with a clear-sky condition. 
Estimation of radiation budget 
We applied the Extreme Speed and Approximation 
Module Multiple Drive System (EXAM SYSTEM) 
that controls Neural Network solvers by multi-
threading. EXAM SYSTEM can drive NN solvers at 
the same time according to the number of central 
processing unit (CPU) cores and the capacity. The 
main advantages of the NN approach are computation 
speed and the ability to consider multiple parameters, 
as large data sets are not required. Highly accurate 
radiative transfer codes can calculate solar radiation, 
including the effect of gass~s and particles. However, 
researchers have had to deal with the trade-off between 
calculation speed and accuracy. In general, satellite-
based estimation methods have used lookup tables 
(LUTs). Because pre-calculated values are used, the 
LUT method is effective when processing large 
amounts of data. However, if the effects of absorbing 
gasses and the optical characteristics of particles are 
incorporated precisely, the LUT volume becomes too 
large and slows computations. Including many values 
for numerous parameters not only increases the LUT 
volume but also requires complex interpolation / 
extrapolation procedures [Sauer 1995, Gasca 2000]. 
Calculation speed falls markedly when a complex 
interpolation / extrapolation procedure such as 
Lagrangian interpolation is needed. The NN approach 
is one solution to these problems, allowing for high-
speed calculation and multi-parameter problems. The 
simple structure of a NN and that fact that it needs 
neither a large database nor complex interpolation / 
extrapolation techniques make NNs appropriate for 
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approximating radiative transfer code. High-speed 
calculation allows for more rapid analysis, and the 
ability to handle numerous parameters will allow more 
options for advanced analysis of atmospheric 
radiation. 
4. Result 
A part of the result is shown. Figure 1: Downward 
shortwave flux at the surface, Upward shortwave flux 
at the TOA. Three geostationary satellites (GMS-5, 
GOES-I 0, GOES-8) VIS channel is fixed accurately 
by vicarious calibration technique. Thus, gap is not 
found in each satellite. Estimated flux product is 
accurately connected. Each satellite flux products are 
only displayed (the overlap area is not averaged, it was 
simple paste at a midway point in each satellite). These 
products are. available for validation of the GCM. 
Upward shortwave flux at the TOA 
- Formation of a Virtual Laboratory for 
Diagnosing the Earth's Climate System -
In order to diagnose the earth's climate system under 
severe stress such as a global warming, the cooperative 
research centers (CCSR, HyARC, CAOS, and CEReS) 
construct "Virtual Laboratory", and research climate 
and environmental studies cooperatively with 
properties of each center. CEReS activities are 
Geostationary satellites global data archives and 
construction of Satellite information data base. 
Moreover, development of atmospheric radiation 
budget product. We aim at the contribution to a climate 
model and the better understanding of the climate 
system. 
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Figure 1: A part of the result of shortwave radiation GMS-5: 2002/09/02/20:31-2002/09/03/08:31 UTC 
budget analysis. Day time averaged image. Upper GOES-10: 2002/09/02/15:00-2002/09/03/03:00 UTC 
side: Downward shortwave flux at the surface. GOES-8: 2002/09/02/11:45-2002/09/02/23:45 UTC 
Lower side: Upward shortwave flux at the TOA. 
GMS-5, GOES-IO, GOES-8, each satellite flux 
product 15 hours / five data is used. 
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